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ABSTRACT 
Evaluation of Antioxidant Effectiveness and Sensory Attributes of Chinese 
5-Spice Ingredients in Cooked Ground Beef . 
by 
Saumya Dwivedi, Master of Science 
Utah State University, 2005 
Major Professor: Dr. Daren P. Cornforth 
Department: Nutrition and Food Sciences 
This study determined antioxidant and sensory effects of cinnamon, 
cloves, fennel, pepper, and star anise (Chinese 5-spice ingredients) in cooked 
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ground beef. In experiment 1, thiobarbituric acid (TBA) values of cooked samples 
were measured during refrigerated storage. In experiment 2, trained panelists 
evaluated cooked samples for rancid, beef, and spice flavor intensity. Total 
aerobic plate counts were also measured. 
Mean TBA values were high (3.4) for control samples. In previous studies, 
TBA values >1.0 were associated with unacceptably rancid cooked meats. At the 
lowest spice level of 0.1% of meat weight, all spices except pepper had lower 
TBA values than controls. Thus, the minimum effective level was 0.1% for all 
spices except pepper. For all spices except cloves, increasing the use level to 
0.5% significantly decreased TBA values (dose-response effect). Cloves did not 
exhibit a dose-response effect, since all clove levels were very effective, and not 
different, for maintenance of TBA values <1.0 during refrigerated storage. For 
all spices, increasing use level from 0.5 to 1.0% did not significantly reduce TBA 
values during storage (no dose-response effect). For cinnamon, fennel, pepper, 
and star anise, TBA values were significantly lower with a use level of 0.5%, 
compared to 0.1 %. Thus, the recommended use level for these spices is 0.5% 
and the recommended level for cloves is 0.1 %. 
iv 
In experiment 2 (sensory evaluation), there was a high positive correlation 
(p < 0.01) between TBA values and panel scores for rancid odor and flavor (0.83 
and 0. 78, respectively). Hence, TBA values were in good agreement with sensory 
panel scores as a measure of oxidation during storage. Spice flavor was 
inversely correlated (p < 0.01) with rancid odor and flavor (-0.57 and -0.61, 
respectively), suggesting that spices also decreased the perception of rancid 
flavor in these samples. The 5-spice blends did not inhibit microbial growth of 
cooked samples during storage, compared to controls, perhaps due to heat 
inactivation or loss of antimicrobial components from the spices during cooking. 
In conclusion, all spices and blends had a dual effect, reducing chemical 
oxidation as measured by TBA values, and also imparting a distinctive flavor to 
cooked ground beef. 
(79 pages) 
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CHAPTER 1 
INTRODUCTION 
Improving shelf life of fresh meat and meat products is a commercial 
necessity. Lipid oxidation is a big concern with the food industry and has a great 
economic impact. Foods with oils or fats are more susceptible to this reaction. 
Lipid oxidation is the reaction of oxygen and lipids resulting in formation of free 
radicals, which leads to deterioration of food. Oxidative rancidity makes food 
unacceptable to consumers by development of objectionable aromas and flavors. 
It also decreases the nutritional quality of foods. 
Additions of antioxidants retard the rate of lipid oxidation by minimizing 
formation of free radicals. Antioxidants used in the food industry can be classified 
into two types: natural and synthetic. They can also be classified as type I and 
type II based on their oxidation inhibition mechanism. The criterion for choosing 
an antioxidant depends upon the kind of food, the potency of the antioxidant, 
storage temperature of the food, and the fat content. Some of the commonly 
used antioxidants are a- tocopherol, ascorbic acid, butylated hydroxylanisole 
(BHA), and butylated hydroxytoluene (BHT). Many plants and spices have 
antioxidant properties because they are rich in flavovoids, terepenoids, and 
polyohenolic compounds. Spices not only enhance the sensory quality of foods 
but may also retard deterioration of food quality by inhibiting oxidation, thus, 
improving the shelf life of foods. Spices are also known to possess medicinal and 
antimicrobial properties. 
CHAPTER2 
LITERATURE REVIEW 
History of Spice Usage 
Human beings have used spices for preservation of meat since antiquity. 
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Spices were used as medicines for curing ailments by early civilizations, such as 
the Asian Indians, Egyptians, Chinese, Aztecs, and Incas. Sage was used to treat 
throat infection. Peppers were used to stimulate digestions and to induce 
perspiration. Ginger was used to prevent motion sickness and aid digestion. 
Licorice relieved chronic fatigues, coughs, and cold symptoms (Uhl 2000). 
Distinct flavor, functional,and medicinal properties of spices made them highly 
expensive commodities in the middle ages. Spices were called the "wealth of 
orient" and were in great demand in the European markets. The search for spices 
was the driving force for various early trading voyages. Christopher Columbus set 
sail in 1492 looking for the Indian coast to gather gold and spices, but actually 
found the coast of the Caribbean islands. Bold flavored spices like red peppers 
and chilies were then introduced to Europe and North America (Parry 1969). 
Vasco da Gama in 1498 discovered a sea route to India, allowing the Portuguese 
to dominate the spice market, which was until then controlled by the Arabs. 
The aroma, flavor, and intensity of spices are affected by factors such as 
soil type, climate, harvesting techniques, and storage. The abundance of spices 
in the Oriental and Asian countries led to their use as an intricate part of their 
cuisine, eventually developing into regional taste preferences. Spices impart 
distinctive flavor and aroma that are used to enhance both savory and sweet 
flavors in different cuisines world wide (Pszcola 2001 ). Some spices have also 
shown antimicrobial and antifungal properties. 
Antimicrobial and Antioxidant Properties of Chinese 5-Spice Components 
Cinnamon (Cinnamomum aromaticum) 
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Cinnamic aldehyde is one of the compounds that give cinnamon a distinct 
odor and flavor. The flavor is described as woody, earthy, and musty. Dry 
cinnamon and cloves show complete inhibition in the growth of Aeromonas 
hydrophila at 1% concentration of spice when inoculated in tryptic soy broth with 
1 0(8) /ml of bacteria at 4°C for days (Fabio and others 2003). Cinnamon 
essential oil at 5 pl/1 00 ml is very effective for inhibition of the growth of Bacillus 
cereus at a temperature less than or equal to 8°C in tyndallized (heated to kill 
bacteria) carrot broth (Valero and Salmeron 2003). 
Cinnamon is one of many culinary herbs that have a high concentration of 
antioxidants(> 75mmol/1 OOg). Intake of these herbs can significantly contribute to 
the total intake of plant antioxidants in a normal diet (Dragland and others 2003). 
Cinnamon leaf demonstrated complete inhibition against common bakery 
spoilage fungal organisms, including Eurotium amstelodami, E. herbariorum, E. 
repens, E. rubrum, Aspergillus flavus, A. niger, Penicillium corylophilum) (Guynot 
and others 2003). Cinnamon, nutmeg, and black pepper strongly suppress the 
cell growth of human lymphoid leukemia Molt 48 cells at 50 pg/ml in 80% ethanol 
(Moteki and others 2002). 
Addition of cinnamon at concentrations (0.1, 0.2, and 0.3%) and pH 
values 3. 7 for normal apple juice and 5.0 for pasteurized apple juice shows a 
complete inactivation of Listeria monocytogenes Scott A 49594 (Yuste and 
others 2002). A combination of cinnamon with carbon dioxide is effective to 
inactivate Escherichia coli 0157:H7 in pasteurized apple juice. Samples with 1% 
and 4% carbon dioxide alone and combined with cinnamon shows less than 0.7 
log cfu/ml after 3 days (Yuste and others 2002). 
The most bioactive compound found in cinnamon is methyl hydroxyl 
chalcone polymer (MHCP). MHCP has the capability to mimic insulin. Thus, 
MHCP can be used as a tool to study pathways of glucose uptake and glycogen 
synthesis (Jarviii-Taylor and others 2001 ). 
Cloves ( Syzygium aromaicum) 
4-allyl-2-methoxyphenol, commonly known as eugenol is a phenolic 
compound present in cloves. Eugenol acts as an antioxidant on oleogenous 
foods, as an anticarminative, antispasmodic, antiseptic in pharmacy, and also as 
an antimicrobial agent (Farag and others 1989a, 1989b ). Aroma extracts from 
dried clove buds at a level of 501Jg/ml inhibited oxidation of hexanal for 30 days. 
Clove bud extract at 160 IJg/mllevel inhibited malonaldehyde formation in cod 
liver oil by 93% (Lee and Shibamoto 2001 ). Clove oil at 0.5% and 1.0% 
concentration restricts the growth of Listeria monocytogenes in meat and cheese 
products held at 30°C and rc. At 1% level Listeria counts in treated samples 
were 1-3 log10cfu g-11ess than controls during storage (Menon and Garg 2001 ). 
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Fennel (Foeniculum vulgare) 
This spice has a slight sweet or licorice aromatic flavor similar to star 
anise but less intense. It is used as a sausage seasoning. Fennel essential oil is 
antibacterial at 1% and 2% concentration levels. The study of Ozkan and others 
(2003) suggested that essential oils were effective as an antibacterial agent 
against food spoilage. 
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Supplementation with anise, ginger, or fennel at 0.05% or 0.1% of the diet 
or mixture of 2 or 3 of these spices at total spice concentration of 0.1% of the diet 
can affect the growth, carcass quality, and meat quality in Hubbard broiler 
chickens. Anise supplement diet significantly reduced the fat content of the 
chicken meat and anise + fennel diet supplement improved color intensity of the 
chicken meat (EI-Deek and others 2003). 
Black Pepper (Piper nigrum) 
Black pepper oil completely inhibited mycelial growth of F. graminearum, 
while the acetone extract was 100% effective against mycelial growth of P. 
viridicatum and A. ochraceus. Both pepper oil and its acetone extract were better 
antioxidants than BHA and BHT for stabilization of linseed oil (Singh and others 
2004 ). Pepper oil predominantly contains beta-caryophyllene, limonene, 
sabinene, beta-bisabolene, and alpha-coapene (24.24, 16.88, 13.01, 7.69, and 
6.3%, respectively), while piperine, piperolein B, piperamide, and guineensine 
predominated in acetone extract (33.53, 13.73, 3.43, and 3.23%, respectively) 
(Singh and others 2004 ). 
The content of propanal as detected on TIC (GC-MS) of boiled sardines 
with allspice, cloves, cinnamon, nutmeg, oregano, fennel, thyme, turmeric or 
black pepper was lower than that of boiled sardines without spices. Propanal is 
derived from the oxidation of lipids, and the peak area of propanal is an index of 
antioxidation (Kasahara 2004 ). All spices except black pepper were effective as 
BHT for inhibition of propanal production in boiled sardines. Thus, black pepper 
inhibited propanal production, compared to controls but was not as effective as 
BHT or other spices (Kasahara 2004 ). 
Star Anise (Pimpinella anisum) 
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Star anise has antimicrobial, antimutagenic, and antipyretic activities. It 
also shows anticonvulsant effects and has been used to treat constipation 
(Rompelberg and others 1993; Afifi and others 1994; Curtis and others 1996; 
Baratta and others 1998; Pourgholam and others 1999; Chicouri and Chicouri 
2000). Anethole, a compound present in star anise, possesses anti-inflammatory 
and antifungal activities (Karapinar and Aktug 1987; Daw 1994; Curtis and others 
1996). Star anise has potent antimicrobial property due to the presence of 
anethole (De and others 2002). 
Chinese 5-Spice 
This spice blend is used in Chinese and other oriental cuisine. It does not 
have a single formulation. Table 1 shows the general composition of Chinese 5-
spice. 
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Spices are used in cooking individually and as combinations or blends. 
Spices can be used for food preservatives as they possess antimicrobial and 
antifungal properties. Some spices also show antioxidant characters, which could 
be used to retard rate of oxidation in meat and meat products. 
Table1. Composition of Chinese 5- spice 
Spice Scientific Name % DryWt. 
Cinnamon Cinnamomum aromaticum 20 
Cloves Eugenia caryophylatta 20 
Black Pepper Piper nigrum 20 
Fennel Foeniculum vulgare 20 
Star Anise Pimpinella anisum 20 
Lipid Oxidation 
Lipid oxidation is one of the major causes of food deterioration, and may 
also decrease nutritional value by forming potentially toxic products during 
cooking and processing (Nawar 1985; Shahidi and others 1992; Maillard and 
others 1996). 
In fresh and cooked meat, development of rancidity results in "warmed 
over flavor'' (WOF; Tim and Watts, 1958). Lipid oxidation is a major source of 
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muscle food degradation (Ladikos and Lougovois 1990). Lipid oxidation leads to 
formation of malonaldehyde, a potent mutagen and I or carcinogen (Shamberger 
and others 1974). 
Lipid oxidation occurs in 3 main steps: initiation, propagation, and 
termination (Nawar 1985). Initiation reactions can be catalyzed by iron. Haber 
and Weiss (1932) showed that ferrous iron reacts with hydrogen peroxide to form 
hydroxyl radicals (HO• ), as shown in equation 1. 
1. Fe+2 + H202 -7 Fe+3 + Ho- + HO• . 
Hydroxyl radicals can in turn abstract a hydrogen atom from a lipid (R), as shown 
in equation 2, forming a fatty acyl radical and water (Morrissey and others 1998). 
Hydrogen atoms are easily abstracted from carbon adjacent to double bonds of 
unsaturated fatty acids, accounting for the more rapid oxidation of unsaturated 
versus saturated lipids (Nawar 1985). 
2. RH + HO• -7 R• + H20 
In meat products, the meat pigment myoglobin is a source of iron for initiation of 
lipid oxidation. Non heme iron is released from heme pigments during cooking, 
and the increased level of ionic iron is responsible for initiation of rapid lipid 
oxidation in cooked meats (lgene 1979). 
Other authors (Nawar 1985) omit mention of iron as a catalyst for initiation 
reactions. However, Nawar (1985) emphasizes that once alkyl free radicals are 
formed, they react with excited, singlet state oxygen to form peroxy radicals 
(ROO• ), as shown in equation 3. Ground state or triplet oxygen does not react 
with lipid radicals, due to spin restrictions in valence shell electrons of triplet 
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oxygen (Nawar 1985). Heat and/or light is required for excitation of triplet to 
singlet oxygen (Nawar 1985). 
The ROO• is highly reactive with other unsaturated fatty acids, thus propagating 
the chain reaction. 
4. ROO• + RH ~ ROOH + R• 
Lipid peroxides (ROOH) further react with Fe2+, Fe3+ or Cu+to give alkyl radicals 
(RO•) and peroxide free radicals (ROO• ), as shown in equations 5 and 6 below 
(Morrissey and others 1994 ). 
~ Fa~ ~ 5. Fe + ROOH ----- ---~ Fe + RO• + OH-
3+ Fast 2+ + 6. Fe + ROOH ----- ---~ Fe + ROO• + H 
Termination is usually brought about by an antioxidant, such as vitamin E, 
donating a hydrogen atom to peroxide free radical (Morrissey and others 1998), 
as discussed in more detail later in this review. 
Robinson (1924) suggested that iron porphyrins cause oxidative 
deterioration of polyunsaturated fatty acids. Heme compounds accelerate lipid 
oxidation (Pearson and others 1977). Younathan and Watts (1959) proposed that 
only ferric forms of heme compound pigments are effective catalysts and this 
suggestion was supported by Fishwick (1970); Verma and others (1985). Recent 
work by Harel and Kanner (1985a, 1985b) and Rhee (1988) suggested that ferric 
heme pigments work as effective catalysts only in presence of hydrogen 
peroxide. Rate of peroxidation accelerated several hundred fold when isolated 
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sarcosomal fraction from turkey dark meat metmyoglobin and hydrogen 
peroxide were evaluated together. Rhee (1988) explained that the combined 
catalytic effect was partially due to release of iron from heme by hydrogen 
peroxide. However, Harrel and Kanner (1985a) claim that hydrogen peroxide 
leads to formation of an activated heme (ferryl) complex with iron in the quadri-
valent state which initiates lipid peroxidation. Heme proteins like hemoglobin and 
myoglobin convert to met (+3) and ferryl (+4) oxidation states during storage, 
which also promotes lipid oxidation (Barron and others 1997). Concentration of 
copper, iron, and heme increases with storage, and accelerates oxidation in 
mackerel muscle (Decker and Hultin 1990). 
Myoglobin was shown to be more pro-oxidant in heated muscle residues 
than in raw muscle residues (Tichivangana and Morrissey 1985). Other studies 
report that heme iron is more pro-oxidant than non heme iron in a heme + lipid 
model system (Johns and others 1989). Monahan and others (1993) reported 
that water washed pork muscle residues with added hemoglobin or myoglobin 
oxidized faster than muscle residue containing iron sulfate over a 6 day storage 
period. Johns and others (1989) also reported that when hemoglobin and iron 
sulfate were added as pro-oxidants at similar levels, the hemoglobin stimulated 
lipid oxidation at faster rate than iron sulfate. Monahan and others (1993) have 
also reported that in heated pork muscle residues, hemoglobin and myoglobin 
promoted more oxidation than iron sulfate as measured by TBA values. 
Factors influencing rate of lipid oxidation in foods: 
1. Position, number and geometry of double bonds in fatty acids. 
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Fatty acids with cis double bonds oxidize more rapidly than their trans 
isomers. Conjugated double bonds are more reactive than non-conjugated 
double bonds, because the hydrogen on the carbon between conjugated double 
bonds is very easily extracted by radicals during the propagation step of lipid 
oxidation (Nawar 1985). Also, autoxidation of saturated fatty acids is slower at 
room temperature than at elevated temperatures (Nawar 1985). 
2. At high oxygen concentrations(> 20%), the rate of lipid oxidation is 
independent of oxygen concentration while at very low concentrations (<2%) the 
rate is proportional to oxygen concentration (Nawar 1985). 
3. Rate of lipid oxidation is directly proportional to surface area exposed to air. 
Comminution or disruption of muscle tissues also increases rancidity by 
increasing surface area exposed to air and by mixing up previously segregated 
reactants. Minced trout muscle tissue becomes rancid due to dispersion of blood 
pigments in flesh caused by mechanical destruction of the tissue (Takama 1974). 
4. Water Activity- Oxidation increases rapidly in foods with lower water activity 
(aw < 0.1) and decreases when water activity reaches aw = 0.3. This oxidation 
attenuation effect is not fully understood. At water activity of 0.55-0.85 the rate of 
lipid oxidation increases due to mobilization of catalysts and oxygen (Nawar 
1985). 
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Food Antioxidants 
Food antioxidants can be classified into type I or type II antioxidants and 
also as natural or synthetic antioxidants. Natural antioxidants include retinoids 
(vitamin A) and tocopherols (vitamin E) found in many animals and plants; 
ascorbic acid (vitamin C) found in citrus fruits and many vegetables, and beta 
carotene, found in deep green vegetables. Spices such as cloves, cinnamon, 
black pepper, turmeric, ginger, garlic, and onions exhibit antioxidant properties in 
different food systems (Younathan and others 1980; AI-Jalay and others 1987; 
Jurdi-Haldeman and others 1987). 
Antioxidants that donate a hydrogen atom (H• ) to terminate the oxidation 
process are type I antioxidants. Examples of type I antioxidants are vitamin C, 
vitamin E, 2- butylated hydroxyanisole (BHA), butylated hydroxytoluene (BHT), 
Tertiary butyl hydroquinone (TBHQ), Propyl gallate (PG). Phenolic compounds 
from plants also possess type I antioxidant activity (Pokorny 1991; Shahidi 2000). 
Such activity has been mainly attributed to flavonoids and ascorbic acid in citrus 
fruits (hesperidin, neohesperidin, and eriocitrin) and to carnosol and rosmarinic 
acid in rosemary (Schwarz and others 2001 ). 
Spices possess antioxidant properties due to the presence compounds such as 
flavanoids, terepenoids, lignans, and polyphenolics (Craig 1999). Cloves contain 
eugenol and eugenyl acetate as the major aroma constituents. Both compounds 
inhibit hexanal formation (a product of lipid oxidation) in cod liver oil (Lee and 
Shibamoto 2001 ). Cinnamic aldehyde in cinnamon has potential type I 
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antioxidant properties. A concentration of 500 llg/ml cinnamon extract inhibited 
hexanal production by 5% (Lee and Shibamoto 2002). Cinnamic aldehyde is 
probably a type I antioxidant. Cinnamic aldehyde could donate a hydrogen atom 
(H•) to a alkoxy free radical (ROO•) to form semi-stable hydroperoxides (ROOH), 
thus slowing the propagation step of lipid oxidation, as shown in the reaction 
sequence below. The hydrogen atom (H•) could be abstracted from 3 possible 
locations on the cinnamic aldehyde, at sites adjacent to double bonds. Since 
hydrogen abstraction takes place easily from carbons adjacent to the double 
bonds. After donating the hydrogen atom, the unpaired electron on the cinnamic 
aldehyde is stabilized by resonance delocalization on the benzene ring . 
ROO• + 0 CH=CHCHO -7 ROOH + 0 c•=CHCHO 
Rosemary, thyme, turmeric, sage, oregano, and cumin extracts (2000 
mg/kg) delayed rancidity (p < 0.01) and preserved alpha-tocopherol (p< 0.01 ). 
Some preservation was observed with clove extract but coriander and cardamom 
extracts were pro-oxidants (Beddows and others 2000). When the essential oils 
of thyme, cumin, and clove were individually added to cottonseed oil and butter, 
they possessed significant antioxidant and anti-hydrolytic effects (Farag and 
others 1989a, 1989b, 1989c). Vasavada and Cornforth (2003) showed that 
rosemary oil at 0.05% - 0.2% of raw meat weight was ineffective in lowering lipid 
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oxidation but, a level of 0.4-0.8% was effective in lowering lipid oxidation. TBA 
values were less than 1 after 15 days of storage at 2°C. 
Vitamin E (below) has been tested as an antioxidant in ground beef. 
Addition of vitamin E or vitamin C to ground beef improves lipid and color 
stability. Addition of both vitamin E and vitamin C showed greater pigment and 
lipid stability than vitamin E or C alone (Mitsumoto and others 1991 ). Vitamin E is 
a type I antioxidant that inhibits lipid oxidation by donating a hydrogen atom from 
the phenol hydroxyl group. Vitamin E is an excellent hydrogen donor that 
produces stable radical intermediates due to resonance delocalization. 
OH 
Vitamin E ( 0! -tocopherol) 
Ascorbate (vitamin C) is also a type I antioxidant, capable of donating hydrogen 
atoms from positions 2 and 3 of the lactone ring. Ascorbate acts either as an 
antioxidant or pro-oxidant depending on concentration of lipid hydroperoxides 
and lower molecular weight metals (Kanner and Mendel 1977; Yamamoto and 
others 1987). BHA and BHT are synthetic type I antioxidants. They are effective 
antioxidants in cooked pork, when used in 0.01% of meat weight (McCarthy and 
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others 2001 ). BHT was shown to inhibit the propagation step of chain of lipid 
oxidation by its action as a radical scavenger (Fujisawa and others 2004 ). 
Type II antioxidants are those that reduce lipid oxidation by chelating iron 
and copper ions. Polyphosphates chelate ferrous iron from cooked meats (Tim 
and Watts 1958). STP acts as an antioxidant by binding free iron (Fe+2 and Fe+3 ) 
making it unavailable as a catalyst for lipid oxidation. In the figure below, the 
sodium ions (Na+) dissociate in solution, allowing iron to bind to the negatively 
charged phosphate groups. 
Na .... 0 0 0 .... tJa Q,. If • ......,.o 
Na , 0 ~P-... 0 ... ~'a .... P~O"' Na 0 , 
Na 
Structure of Sodium Tripolyphosphate 
Phytic acid is a naturally occurring type II antioxidant found in high 
concentrations in barley, wheat, and wild rice (Empson and others 1991 ). Phytic 
acid has greater antioxidant effects than carosine in cooked beef samples (Lee 
and others 1998a). Sodium phytate, sodium pyrophosphate, and sodium 
tripolyphosphate all lowered metmyoglobin formation in raw beef samples, but 
sodium phytate was most inhibitory to lipid oxidation (Lee and others 1998b ). Milk 
mineral is another phosphate - based type II antioxidant. It is the dried permeate 
of ultra filtered whey and contains 13% by weight phosphorus on dry weight basis 
(Cornforth and West 2002). Milk mineral (1.5%) was effective for maintenance of 
low TBA numbers ( > 1) for 14 days refrigerated storage of cooked pork. 
(Jayasingh and Cornforth 2003). 
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Consumer concerns regarding synthetic antioxidants have contributed 
to the increased use of natural antioxidants. BHA can cause possible toxic effects 
including liver swelling and influence the liver enzyme activities (Martin and 
Gilbert 1968; Halladay and others 1980). Usage of synthetic antioxidants has 
been a safety concern (Wurtzen and others 1986; Farag and others 1989c) 
However, the use of synthetic antioxidants such as BHAI BHT still continues in 
the food industry. 
CHAPTER 3 
HYPOTHESES AND OBJECTIVES 
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Spices have been used in cooking and for medicinal purposes since 
antiquity. The usage of spices as antioxidants is a relatively new area of study. 
The purpose of this study was to investigate and compare the antioxidant 
activities the five spices found in Chinese 5-spice blends in cooked ground beef, 
and their effects on sensory characteristics and shelf life. Because spices have 
distinctive flavors, their addition to cooked meats may mask rancid flavors. 
However, I hypothesize that the spices of Chinese 5-spice have antioxidant 
effects and therefore, directly prevent development of rancid flavors. 
Antioxidant effectiveness of cinnamon, cloves, fennel, black pepper, star 
anise, and Chinese 5-spice blends were evaluated in cooked ground beef, using 
the thiobarbituric acid (TBA) assay. All spices and spice blends were added at 
0.0, 0.1, 0.5, and 1.0% of meat weight, to identify the lowest effective level for 
each spice. Samples were stored for 15 days at 2°C. 
In a separate experiment, sensory evaluation was performed on cooked 
ground beef samples at lowest effective spice level for each spice and spice 
blend. 
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CHAPTER4 
EVALUATION OF ANTIOXIDANT EFFECTS AND SENSORY ATTRIBUTES 
OF CHINESE 5-SPICE INGREDIENTS IN COOKED GROUND BEEF1 
Abstract 
This study determined antioxidant and sensory characteristics of 
cinnamon, cloves, fennel, pepper, and star anise (Chinese 5-spice ingredients) in 
cooked ground beef. Total aerobic plate counts were also measured. Mean 
thiobarbituric acid (TBA) values were high (3.4 ppm) for control cooked ground 
beef samples. With 1% use level, all spice treatments had lower pooled mean 
TBA values than controls. At the lowest use level of 0.1% of meat weight, all 
spices except pepper had lower TBA values than controls. Treatments with 0.1% 
cloves had lower (p <0.05) TBA values than 0.1% levels of other individual 
spices. Star anise, fennel, pepper, and cinnamon samples at 0.5% use level had 
lower mean TBA values than controls or 0.1% levels, but not different from 1.0% 
levels, respectively. Thus, 0.1% was the minimum effective level for all spices 
except pepper. However, the recommended level was 0.1% for cloves and 0.5% 
for all other spices. In experiment 2, there was a high correlation (p < 0.01) 
between TBA values and panel scores for rancid odor and flavor (0.83 and 0.78, 
respectively). Spice flavor was inversely correlated (p < 0.01) with rancid odor 
and flavor (-0.57 and -0.61, respectively). The 5-spice blends did not affect 
1Chapter 4 has been accepted for publication in the Journal of Food Science. 
Dwivedi S, Vasavada MN, Cornforth DP. 2005. Evaluation of antioxidant effects and sensory 
attributes of Chinese 5- spice ingredients in cooked ground beef. In Press. 
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microbial load of cooked samples compared to controls. In conclusion, all 
spices and blends had a dual effect, reducing rancid odor/flavor and imparting a 
distinctive flavor to cooked ground beef. 
Introduction 
The Chinese conceptualized the theory of 'Five Elements' under which 
everything in our surroundings could be categorized into five basic elements. 
Chinese 5-spice is one application of the five elements theory. It was developed 
in an attempt to produce a powder that encompassed the five flavor elements: 
sweet, salty, sour, pungent, and bitter (Needham and Wang 1956). The 
traditional 5-spice mixture includes cinnamon, cloves, fennel, Szechwan pepper, 
and star anise. Today, however, Chinese 5-spice may also include ginger and 
nutmeg can be easily obtained in any Asian market. 
Lipid oxidation is one of the major causes of food deterioration. Lipid 
oxidation may also decrease nutritional value by forming potentially toxic 
products during cooking and processing (Shahidi and others 1992; Maillard and 
others 1996). Warmed-over flavor (WOF) is associated with cooked meat and 
intensifies during refrigerated storage (Tim and Watts 1958). Heating 
temperature affects the extent of lipid oxidation (Keller and Kinsella 1973 ). Ferric 
and ferrous iron ions catalyze the decomposition of lipid peroxides to more 
volatile aldehydes and ketones (McDonald and Hultin 1987). Early work showed 
that the meat pigment myoglobin had little or no catalytic effect on lipid oxidation 
in simple model systems or red meats (Sato and Hegarty 1971; Love and 
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Pearson 197 4 ). However, more recent work has shown lipid oxidation 
catalyzed by oxidized myoglobin species (Reeder and Wilson 2001 ), hemoglobin 
in fish muscle (Richards and Hultin 2002), and heme derived from myoglobin 
oxidation (Baron and Andersen 2002). 
Compounds with antioxidant properties have been found in spices, oil 
seeds, citrus pulp, and peel, and in products that have been heated and/or have 
undergone non-enzymatic browning. In addition to imparting distinctive flavors, 
spices contain antioxidant properties and inhibit rancid flavor development 
associated with lipid oxidation (Chipault and others 1952, 1955; Namiki 1990). 
Spices such as cloves, cinnamon, turmeric, black pepper, ginger, garlic, and 
onions exhibit antioxidant properties in different food systems (Younathan and 
others 1980; AI-Jalay and others 1987; Jurdi-Haldeman and others 1 987). Spices 
have antioxidant properties due to the presence of compounds such as 
flavanoids, terpenoids, lignans, and polyphenolics (Craig 1999). However, their 
use may be limited in some foods, due to their characteristic flavor and aroma. 
Use of un-sterilized spices and herbs also increases the possibility of bacterial 
contamination in high moisture foods (Garcia and others 2001 ). 
Antioxidant compounds have been identified in all components of Chinese 
5-spice. Anise (Pimpinella anisum L.), nutmeg, and licorice all had strong 
hydroxyl radical (OH•) scavenging activity in deoxyribose assay (Murcia and 
others 2004 ). Fennel (Foeniculum vulgare) has in vitro antioxidant activity (Oktay 
and others 2003). The antioxidant compounds in fennel include 3-caffeoylquinic 
acid, rosamirinic acid, and quercetin-3-0-galactoside (Parejo and others 2004 ). 
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Cloves ( Syzygium aromaticum) contain eugenol and eugenyl acetate as the 
major aroma constituents. Both compounds inhibit hexanal formation (a product 
of lipid oxidation) in cod liver oil (Lee and Shibamoto 2001 ). Antioxidant activity in 
pepper (Capsicum annum) is due to presence of ascorbic acid, flavonoids, 
capasaicinoids, and phenolic acids (Jimenez and others 2003). Cinnamic 
aldehyde in cinnamon (Cinnamomum aromaticum) has potential antioxidant 
properties. Cinnamon and mint exhibited higher antioxidant properties than 
anise, ginger, licorice, nutmeg,or vanilla in a lipid peroxidation assay (Murcia and 
others 2004 ). A concentration of 500 )lg/ml cinnamon extract inhibited hexanal 
production by 5% (Lee and Shibamoto 2002). 
Although the components of Chinese 5-spice have been shown to have 
antioxidant activity in model systems, our objective was to determine the 
optimum level of each spice for antioxidant properties in cooked ground beef. 
Sensory evaluation was also done on cooked ground beef containing various 
spices at their recommended (lowest effective) antioxidant level. 
Materials and Methods 
Experimental Design 
Experiment 1. Thiobarbituric Acid (TBA) Assay 
The experiment was a completely randomized block design with six 
ground beef treatments (cinnamon, cloves, fennel, pepper, star anise, retail 5-
spice blend), at four levels (0, 0.1, 0.5, 1.0 % of meat weight), three storage days 
(1, 8, 15) and three replications of the entire experiment using three separate 
and different meat blocks. TBA values (duplicates for each sample) were 
measured as an indicator of rancidity at 1, 8, 15 days storage of cooked ground 
beef crumbles at 2 oc. 
22 
Treatment means were calculated by ANOVA using Statistica TM software 
Statsoft Inc., Tulsa, OK). Significant differences among means were identified by 
calculation of Fisher's least significant difference (LSD) values. Significance was 
defined at p < 0.05 for ANOVA and LSD values. 
The recommended or lowest effective spice level (0.1, 0.5, or 1 %) for each 
individual spice was the lowest spice concentration that resulted in TBA values 
significantly lower than the controls (0% spice), or other spice levels. The five 
spices at their recommended levels were mixed to create the low clove 5-spice 
blend for sensory testing in experiment 2. The low clove 5-spice blend was 
created because cloves have strong flavor and odor that could be a concern with 
consumers. Thus, it was desirable to evaluate a blend with a clove proportion 
lower than 20% (the level if each of the five spices were present in equal 
proportions). 
Experiment 2. Sensory Evaluation 
Cooked beef samples made with spices at their recommended levels as 
described in experiment 1 were evaluated for intensity of cooked beef flavor, 
rancid flavor/odor, and spice flavor intensity. A total of 1 0 treatments were 
evaluated (0.5% cinnamon, 0.1% cloves, 0.5% fennel, 0.5% pepper, 0.5% star 
anise, 0.5% retail 5- spice blend, 0.5% optimal 5-spice blend, rancid control, 
0.5% sodium tripolyphosphate [STP] control, fresh control). The rancid control 
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was cooked ground beef without added spices and held 15 days at 2°C, 
allowing time to observe the full extent of oxidation in the controls compared to 
spice-treated samples. The fresh control was cooked ground beef without spices 
prepared on the day of the panel. Trained panelists (n=13) evaluated samples 
after 15 days of storage at 2°C. TBA values were measured on the samples that 
were served to the panelists. Treatment means were calculated by ANOVA as 
described in experiment 1. Correlation coefficients were calculated among 
sensory scores and TBA values. Significance was defined at p<0.01 for 
correlation coefficients. 
Experiment 3. Aerobic Plate Count 
A 1 0 - g portion of ground beef was mixed with 90 ml of sterile peptone 
water (Difco, Detroit, Ml) in a dilution bottle, and plate counts were done on serial 
dilutions of cooked ground beef samples after 1, B,or 15 days storage at 2°C, 
following standard procedures (Messer and others 1978). Standard methods agar 
(Difco) was used as growth media. Duplicate plates were counted after 
incubation at 3TC for 48h. 
Sample Preparation 
Ground star anise, fennel, cloves, and cinnamon (McCormick & Co. Inc., 
Hunt Valley, MD), black pepper (Inter-American Foods Inc., Cincinnati, OH), and 
lean ground beef (15% fat) were purchased at a local grocery. Retail Chinese 5-
spice blend (Dynasty, San Francisco, CA) was also purchased locally. In addition 
to the five traditional spices, the retail blend also contained ginger and licorice. 
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Each spice was manually mixed with ground beef (1 00 g/ treatment) at 0.1, 
0.5, and 1.0% levels. Mixed samples were thoroughly cooked at 163°C for 5 min, 
to a final temperature of 82- 85°C, as measured using a Versa Tuff Plus 396 
digital thermometer (Atkins Technical, Inc., Gainesville, FL) with a thin probe for 
fast response. The cooked ground beef crumbles were placed in re-sealable 
plastic bags, cooled for 10-15 min at room temperature and stored for 1, 8, or 15 
days at 2°C. Thiobarbituric acid (TBA) values were measured in duplicate at 1, 8, 
or 15 days on the cooked samples as an indicator of oxidative rancidity. For each 
ingredient spice the experiment was replicated three times. Duplicate sample 
analysis was performed. Thus, there were six observations per treatment. 
TBAValue 
Thiobarbituric acid reactive substances (TSARS) assay was performed as 
described by Buege and Aust (1978). Duplicate samples (0.5 g) for all the 
treatments were mixed with 2.5 ml of stock solution containing 0.375% TBA 
(Sigma Chemical Co., St. Louis, MO), 15% TCA (Mallinckrodt Baker Inc., Paris, 
KY), and 0.25 N HCI. The mixture was heated for 10 min in a boiling water bath 
(1 00°C) to develop a pink color, cooled in tap water, and then centrifuged 
(Sorvall Instruments, Model RC 5C, DuPont, Wilmington, DE) at 6000 rpm for 10 
min. The absorbance of the supernatant was measured spectrophotometrically 
(Spectronic 21 D, Milton Roy, Rochester, NY) at 532 nm against a blank that 
contained all the reagents except the meat. The malonaldehyde (MDA) 
concentration was calculated using an extinction coefficient of 1.56 X 105 M-1 em-
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1 for the pink TBA-MDA pigment (Sinnhuber and Yu 1958). The absorbance 
values were converted to ppm malonaldehyde by using the following equations: 
1) TBA # (mg I kg)= Sample As32 x (1 M TBA Chromagen I 156,000) x [(1 mole I 
L) I M] x (0.003 L I 0.5 g meat) x (72.07 g MDA I mole MDA) x (1 000 g I Kg), or 
2) TBA #(ppm)= Sample As32 x 2.77. (Where MDA = malonaldehyde). 
Sensory Evaluation 
All panelists had previous sensory panel experience with cooked beef 
products. The panelists were trained in two sessions. In the first session, 
panelists were familiarized with the 5-point intensity scale and its usage. 
Panelists were also familiarized with cooked beef flavor (both fresh and rancid 
samples) and cooked ground beef with individual added spices (cinnamon, 
cloves, fennel, pepper, and star anise) and Chinese 5-spice blends at low (0.1 %) 
and high (1 %) spice concentrations. Group discussion was conducted regarding 
sample attributes. In the second session, panelists again evaluated the same 
samples. The most consistent panelists (n=13) were included in the final sensory 
panel. 
Treatment samples were prepared with spice concentration at 
recommended levels of 0.5% for cinnamon, fennel, star anise, or black pepper, 
and 0.1% for clove (% raw meat weight) as determined in experiment 1 of this 
study. The low clove blend was 4.8% by weight cloves and 23.8% each of 
cinnamon, fennel, pepper, and star anise, calculated as shown in Appendix A. 
Spice treatments were cooked, packaged,and stored as previously described. 
Three control cooked beef samples were also prepared. The controls were (1) 
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fresh (2) STP (3) rancid. Fresh control samples were cooked immediately 
before seNing, using lean ground beef (15% fat) purchased locally on the day of 
the panel. STP controls were formulated with 0.5% STP, cooked, and 
refrigerated for 15 days. Rancid controls were cooked samples without STP or 
spice and refrigerated for 15 days. TBA values were measured for all controls 
and treated samples on the same day as the panel evaluation. 
The seven treatment samples at optimal concentrations and three controls 
of cooked beef crumbles were evaluated in three sessions. A set of five or six 
samples (6 g each) were seNed to each panelist in each session, consisting of 
two or three spice-treated samples and three controls. Samples were coded and 
microwave re-heated for 25 seconds to attain a temperature of 80-85°C 
immediately before seNing. Samples were evaluated in individual booths under 
red lights. The seNing order was randomized to avoid positional bias. 
Panelists were asked to evaluate samples for intensity of rancid odor, 
rancid flavor, beef flavor, and spice flavor on a 5-point scale, where 1 = no flavor 
or odor, 2 = slightly intense, 3 = moderately intense, 4 = very intense, and 5 = 
extremely intense flavor or odor. Panelists were also asked to provide additional 
qualitative comments for each sample. Before evaluating the next sample, ballot 
instructions specified that the previous sample be expectorated into cups 
provided for that purpose. Panelists were instructed to rinse their mouth with tap 
water. Unsalted crackers were also provided to cleanse the palate. 
Results and Discussion 
Experiment 1 - TBA Assay of Cooked Ground 
Beef with Individual Spices 
Main effects of treatment (cinnamon, cloves, fennel, pepper, star anise, 
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retail 5-spice blend), spice level (0, 0.1, 0.5, 1.0%) and days of refrigerated 
storage (1, 8,15 days) significantly affected the TBA values of cooked ground 
beef. All two-way interactions also affected (p<0.05) TBA values, but the three-
way interaction of treatment x spice level x day storage did not have significant 
effect on TBA values (Table 2). The raw experiment 1 TBA values are presented 
in Appendix B. 
Cooked ground beef mean TBA values for the two-way interaction of spice 
treatment x level are shown in Table 3. Mean TBA values were high (3.4) for 
control cooked ground beef samples. With 1% use level, all spice treatments had 
lower (p<0.05) TBA values than controls. At the lowest use level of 0.1% of meat 
weight, all spices except pepper had lower TBA values than controls, and clove 
treatments had lower (p< 0.05) TBA values than other spices. Mean TBA value 
for the 0.1% clove treatment was 0.76, compared to 1.66, 2.32, 2.87, and 2.55 
for 0.1% cinnamon, fennel, pepper, and star anise, respectively (Table 3). 
Thus, the recommended or lowest effective spice level for cloves was 
0.1% and 0.5% for the other spices, where lowest effective spice level was 
defined as the lowest spice weight I 100 g meat (0.1, 0.51 or 1.0) that had 
significantly lower TBA values than other levels (Table 3). After 15 days 
refrigerated storage, TBA values were as high as 5.9 for controls without added 
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spice, compared to 0.79, 0.75, 2.22, 1.70, 1.30, and 0.37 for 0.5% cinnamon, 
0.1% cloves, 0.5% fennel, 0.5% pepper, 0.5% star anise, and 0.5% 5-spice blend 
(lowest effective levels respectively; Figs. 1-6). 
TBA values > 1.0 are usually associated with rancid flavor I odor by 
sensory panelists (Tarladgis and others 1960; Jayasingh and Cornforth 2003). 
Note that TBA values of clove treated ground beef samples (Fig. 2) remained 
less than 1.0 for the entire 15 days storage period as did the samples with 0.5 or 
1.0 % retail 5- spice blend (Fig. 6). Ground beef with 1.0% fennel or 0.5-1.0% 
pepper had TBA values < 1.1 for 8 days storage (Fig. 3, 4 ). Ground beef with 
1.0% cinnamon or 1.0% star anise had TBA values <1 .0 for 15 days storage (Fig. 
1, 5). Thus, treatment with cloves was clearly the most effective among individual 
spices for maintenance of low TBA values of cooked ground beef during 
refrigerated storage. 
The antioxidant effects of cinnamon, clove, fennel, pepper and star anise 
in this study are in agreement with previous findings by others. Cinnamon 
essential oil has been shown to have significant antioxidant activity in Chinese-
style sausages (Ying and others 1998). Cloves at 0.05% were shown to enhance 
the storage stability and acceptability of frozen stored fish mince for about 28 
weeks. For 50-week storage, a use level of 0.1% was optimal (Joseph and 
others 1992). Clove powder at 0.2% w/w significantly reduced oxidative rancidity 
measured by TSARS, and improved acceptability of oysters. The oysters 
remained acceptable for 278 days when treated with cloves as compared to 235 
and 237 days for BHT treated and untreated samples, respectively (Jawahar and 
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others 1994 ). Clove and Maillard reaction products have been shown to inhibit 
the increase of secondary oxidation products formed during refrigerated storage 
of cooked meat, and to affect the extent of non-heme iron release during cooking, 
which is believed to be the primary catalyst accelerating lipid oxidation 
(Jayathikalan and others 1997). Black pepper was an effective sensory flavoring 
agent in chicken feet (Jokpyun, a traditional Korean gel type delicacy) at 0.33% 
level, based on response surface methodology (Mira and others 2000). Ground 
black pepper oleoresin extracted by supercritical carbon dioxide was more 
effective in reducing lipid oxidation of cooked ground pork than oleoresin 
extracted by conventional methods (Tiprisukond and others 1998). 
Table 2. Summary of significance (p<0.05) as determined by analysis of variance 
(ANOVA). 
N TBA p-level 
Treatment 72 * 0.0001 
Spice Level 108 * 0.0001 
D of storage 144 * 0.0001 
Treatment x level 18 * 0.0001 
Treatment x day 24 * 0.0001 
Level x day 36 * 0.0001 
Treatment x level x day 6 NS 0.1065 
*=Significant at p< 0.05; NS= not significant at p< 0.05; n= nr observations per mean. 
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Table 3. Mean thiobarbituric acid (TBA) values 1 for cooked ground beef 
formulated with the individual spices of Chinese 5-spice, at use levels of 0.1, 0.5, 
and 1.0% of raw meat weight. Means were pooled for storage time (1, 8, and 
15d) after cooking (n=18). 
TREATMENT SPICE LEVEL (% meat wt.) TBA (ppm MDA) 
CONTROL 0.0 3.41a 
CINNAMON 0.1 1.66cd 
CINNAMON 0.5 0.76e 
CINNAMON 1.0 0.78e 
CLOVES 0.1 0.76e 
CLOVES 0.5 0.96de 
CLOVES 1.0 0.88e 
FENNEL 0.1 2.32bc 
FENNEL 0.5 1.39de 
FENNEL 1.0 0.99de 
PEPPER 0.1 2.87ab 
PEPPER 0.5 1.28de 
PEPPER 1.0 1.26de 
STAR ANISE 0.1 2.55b 
STAR ANISE 0.5 0.97de 
STAR ANISE 1.0 0.71e 
RETAIL 5-SPICE 0.1 0.99de 
RETAIL 5-SPICE 0.5 0.73e 
RETAIL 5-SPICE 1.0 1.00de 
LSDo.os 0.76 
1 8 
Days at2 C 
15 
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Figure 1. Effect of cinnamon concentration (0, 0.1, 0.5, 1.0 % of meat wt) on 
thiobarbituric acid (TBA) values of cooked ground beef during refrigerated 
storage. (ppm MDA =parts per million malonaldehyde). Mean values differing by 
more than 0.94 are significantly different. 
LSDo.os = 0.94. 
Star anise was effective at 0.5% level based on meat weight. Anise-treated 
samples had a TBA value of 0.97.Anise also been shown to have antioxidant 
effects in Chinese marinated pork shanks as compared to controls (Tzu and 
others 1997). 
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Figure 2. Effect of clove concentration (0, 0.1, 0.5, 1.0 % of meat wt) on 
thiobarbituric acid (TBA) values of cooked ground beef during refrigerated 
storage. (ppm MDA =parts per million malonaldehyde). LSD0.05 = 0.94. 
Experiment 2 - Sensory Evaluation 
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Mean trained panel sensory scores and thiobarbituric acid (TBA) values of 
spice-treated , cooked ground beef crumbles after 15 days storage at 2°C are 
shown in Table 4. The raw experiment 2 sensory panel scores are presented in 
Appendix B. 
The control samples without added spices (rancid control) had the highest 
scores for rancid odor and flavor intensity, and also the highest TBA values (7.2). 
The control samples made with 0.5% sodium tripolyphosphate (STP control) had 
low scores for rancid odor, flavor) and spice flavor intensity, and also had lowest 
TBA value of 0.3. This observation is in agreement with previous work showing 
that phosphate compounds such as sodium tripolyphosphate (STP) or milk 
-6 <( 
~ 5 
E 4 
c. 
s3 
Q) 
::J 2 
co 
.; 1 
--+-Fen 0 
---Fen 0.1 
-A-Fen 0.5 
-+-Fen 1.0 
~ 0 +---------~----------~--------~ 
1 8 
Days at 2 C 
15 
33 
Figure 3. Effect of ground fennel concentration (0, 0.1, 0.5, 1.0% of meat wt) on 
thiobarbituric acid (TBA) values of cooked ground beef during refrigerated 
storage. (ppm MDA = parts per million malonaldehyde. LSDo.os = 0.94. 
mineral are quite effective antioxidants in cooked ground meats, due to their 
ability to bind ionic iron and thus prevent iron catalysis of lipid oxidation 
(Cornforth and West 2002; Jayasingh and Cornforth 2003). The control samples 
without spices, and prepared on the day of the panel (fresh control) also had low 
scores for rancid odor, flavor, and spice flavor intensity, and had a relatively low 
TBA value of 1.0. All cooked ground beef samples made with spices (cinnamon, 
cloves, fennel, pepper,and star anise) had lower (p<0.05) scores for rancid odor 
and flavor, and lower {p<0.05) TBA values, compared to the control without 
spices (rancid control), but similar to the low TBA values of the controls with STP. 
Previous work on antioxidant mechanism of spices in model systems has 
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Figure 4. Effect of pepper concentration (0, 0.1, 0.5, 1.0 % of meat wt) on 
thiobarbituric acid (TBA) values of cooked ground beef during refrigerated 
storage. (ppm MDA =parts per million malonaldehyde). LSDo.os = 0.94. 
identified various phenolic compounds that are type I antioxidants, capable of 
interruption of the initiation and propagation steps of lipid oxidation by donation of 
hydrogen (H•). However, one cannot rule out the possibility that the fiber 
component of spices may bind ionic iron in cooked meat systems, and thus 
behave as type II antioxidants such as STP. 
Beef samples made with spices also had lower (p<0.05) beef flavor 
intensity scores, and higher (p<0.05) spice flavor intensity, compared to fresh or 
STP controls. Among the five individual spice treatments, samples made with 
35 
7 
6 
5 
• Anise 0 4 • Anise 0.1 
3 • Anise 0.5 
2 • Anise 1.0 
1 
• 
j 
0 
1 8 15 
Days at 2 C 
Figure 5. Effect of star anise concentration (0, 0.1, 0.5, 1.0 % of meat wt) on 
thiobarbituric acid (TBA) values of cooked ground beef during refrigerated 
storage. (ppm MDA =parts per million malonaldehyde). 
LSDo.o5 = 0.94. 
star anise had a higher (p<0.05) spice flavor intensity than samples made with 
cinnamon, cloves, or fennel. 5-spice blends (retail or optimum) effectively lowered 
(p<0.05) rancid odor, rancid flavor, and TBA values of stored, cooked ground beef 
samples compared to treatments without added spices (rancid controls). The 
retail 5-spice blend had significantly higher (p<0.05) spice flavor intensity than 
the low clove blend, perhaps because the retail blend contained ginger and 
licorice in addition to the traditional five spices. 
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Figure 6. Effect of retail Chinese 5-spice concentration (0, 0.1, 0.5, 1.0 % of 
meat wt) on thiobarbituric acid (TBA) values of cooked ground beef during 
refrigerated storage. (ppm MDA =parts per million malonaldehyde). LSD0.05 = 
0.94. 
Panel comments indicated that spices imparted characteristic flavors to the 
samples. For instance, cinnamon- treated samples tasted like cinnamon and 
samples with black pepper tasted peppery. The control without added spices was 
described as painty, stale, or rancid. The control with STP was described as 
beefy and salty while the fresh control was beefy or oily. The retail 5-spice 
treatment had licorice or spicy flavor while the optimum blend was described as 
spicy (Table 4). In this study, the trained panel provided precise information on 
intensity of various flavors, with no indication of acceptability. One may infer, 
however, that samples with high scores for rancid flavor would be unacceptable 
to most consumers. Conversely, samples with moderate spice flavor intensity 
would be acceptable to many people. Some panelists commented that some 
samples were "too hot", or "too spicy", indicating a dislike for higher spice levels (Table 
4). 
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Correlation coefficients among mean trained panel sensory scores and 
thiobarbituric acid (TBA) values of spice-treated, cooked ground beef crumbles 
are shown in Table 5. There was a high correlation (p < 0.01) between TBA 
values and panel scores for rancid odor and flavor (0.83 and 0.78, respectively). 
Not surprisingly, a very high correlation (0.98) was observed between rancid 
flavor and rancid odor. There was a significant inverse relationship between 
spice flavor and beef flavor, indicating that samples with added spice did not 
retain a typical cooked ground beef flavor. Spice flavor was inversely correlated 
(p < 0.01) with rancid odor and flavor (-0.57 and -0.61, respectively). Thus, 
samples with added spice tended to lose their beef flavor but did not taste rancid. 
Experiment 3 -Aerobic Plate Count 
Aerobic plate counts were done after 1, 8, or 15 days storage at 1 oc of 
cooked ground beef samples made with 0.5% retail 5-spice, 0.5% optimum 5-
spice, or controls without spice. Log1 0 mean aerobic plate counts pooled over 
storage time were 4.1, 4.1, and 3.9, respectively, and were not significantly 
different, which is not unusual for cooked samples. There were no significant 
treatment x time interactions for aerobic plate counts. Thus, addition of 0.5% 
spice blends had no antimicrobial effects during storage of cooked ground beef in 
this study. Spices and essential oils are known to exhibit antimicrobial effects 
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Table 4. Mean trained panel sensory scores and thiobarbituric acid (TBA) 
values of spice-treated, cooked ground beef crumbles after 15 d storage at 2°C. 
Lowest effective spice levels were used as determined from Table 1. 
Treatment Use Rancid Rancid Beef Spice TBA Qualitative 
level Odor Flavor Flavor Flavor value Comments 
(%meat 
weight) 
Rancid ctrl 0.0 3.3 a 3.4 a 2.0 b 1.0 d 7.2 a Rancid, painty 
STP ctrl 0.5 1.4 b 1.4 b 3.0 a 1.1 d 0.3 f Beefy, salty 
Fresh ctrl 0.0 1.5 b 1.5 b 3.2 a 1.1 d 1.0 de Steak-like, oily, 
beefy . 
Cinnamon 0.5 1.1 b 1.1 b 1.7 b 2.9 be 1.6 cd Cinnamon 
flavor, spicy 
Cloves 0.1 1.0 b 1.1 b 2.2 b 3.1 be 0.4 ef Strong clove 
smells like 
dentist's office. 
Fennel 0.5 1.5 b 1.6 b 1.9 b 3.1 be 5.5 b Licorice flavor, 
spicy. 
Pepper 0.5 1.4 b 1.2 b 2.1 b 3.2 ab 1.6 cd Peppery, hot. 
Star anise 0.5 1.2 b 1.1 b 1.8 b 3.9 a 1.9 c Licorice. 
Retail 5 0.5 1.0 b 1.2 b 1.9 b 3.3 ab 0.7 ef Strong spicy, 
spice blend black licorice. 
Optimum 5 0.5 1.3 b 1.2 b 2.1 b 2.4 c 1.0 de Spicy. 
spice blend 
LSDo.os 0.52 0.52 0.68 0.74 0.66 
Mean values wrthm a column wrth the same letter are not drfferent (p < 0.05) 
Table 5. Correlation coefficients (,-2) among mean trained panel sensory scores 
and thiobarbituric acid (TBA) values of spice-treated, cooked ground beef 
crumbles after 15 d storage at 2°C. 
Rancid Odor Rancid Flavor Beef Flavor Spice Flavor TBA value 
Rancid Odor 1.00 
Rancid Flavor 0.98* 1.00 
Beef Flavor 0.03 0.05 1.00 
Spice Flavor -0.57* -0.61* -0.60* 1.00 
TBA value 0.83* 0.78* -0.31 -0.21 1.00 
* p < 0.01 
in various food products or model systems (Yuste and Fung 2002; Yuste and 
others 2002; Guynot and others 2003; Ozkan and others 2003). The lack of 
antimicrobial effects in cooked ground beef during storage in this study may be 
due to heat inactivation or loss of antimicrobial components during cooking. 
Conclusions 
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In conclusion, all spices imparted a distinctive flavor to the cooked ground 
beef and had marked antioxidant properties. These traditional spices do not 
simply mask the rancid off-flavors, but rather have antioxidant effects. 
CHAPTERS 
SUMMARY 
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In this study, cinnamon, cloves, black pepper, fennel, star anise, and spice 
blend Chinese 5-spice displayed antioxidant properties in cooked ground beef 
samples. The spice treated samples had lower TBA values compared to the 
controls without spice. The recommended spice level for prevention of oxidation 
during refrigerated storage was 0.5% of raw meat weight for cinnamon, fennel, 
pepper, star anise, and retail 5-spice blend. However, cloves were effective at a 
lower recommended spice level of 0.1% raw meat vxeight. After 15 days of 
refrigerated storage, TBA values for control without added spice were as high as 
5.9 compared to TBA values of 0. 79, 0.75, 2.22, 1.70, 1.30, and 0.37 for 0.5% 
cinnamon, 0.1% cloves, 0.5% fennel, 0.5% pepper, 0.5% star anise, and 0.5% 5-
spice blend, respectively. 
Thus, 0.5% -1.0% of cinnamon, fennel, pepper or star anise maintained 
TBA values at (> 1.1) indicative of high quality of cooked ground beef products 
held at 2°C for a period of 15 days. Addition of cloves or retail 5-spice blend at 
0.1% of raw meat weight was sufficient to maintain TBA values below 0.6 for 15 
days refrigerated storage. 
In experiment 2 (sensory evaluation), a high correlation was observed 
between the TBA values and sensory panel scores. The control samples without 
added spices (rancid control) had the highest scores for rancid odor and flavor 
intensity and also highest TBA values (7.2).While the control samples made with 
0.5% sodium tripolyphosphate (STP control) had low scores for rancid odor, 
flavor and also had low TBA value 0.3. There was a significant inverse 
relationship between spice flavor and beef flavor indicating that samples with 
added spice did not retain typical cooked ground beef flavor. Hence, TBA 
analysis is in agreement with sensory evaluation scores and can be used as an 
effective tool to support sensory evaluation of cooked ground beef. 
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All the cooked ground beef samples made with spices (cinnamon, cloves, 
fennel, pepper)and star anise) had lower (p<0.05) scores for rancid odor and 
flavor and lower (p<0.05) TBA values, compared to the control without spices 
(rancid control) but similar to the TBA values of controls with STP. 
Cinnamon, fennel, pepper,and star anise also displayed some masking of 
rancid flavor and odor in the cooked ground beef samples after 15 days storage. 
The masking effect is indicated by the observation that the pooled mean TBA 
values of the STP control (0.3) were lower than the TBA value of these spice 
treated samples (1.6 TBA value for cinnamon, 5.5 for fennel, 1.6 for pepper, 
and1.9 for star anise). However, there was no significant difference in the rancid 
odor and flavor intensity sensory scores between the STP control and these 
spice treated samples. Thus, these spices were able to mask rancid odor and 
flavor in cooked ground beef samples in addition to displaying antioxidant 
properties. 
No significant difference was observed between the aerobic plate counts 
for retail spice blend, optimum spice blend,and controls. Thus, addition of spices 
did not show any antimicrobial effect during storage. Further research should be 
done to investigate the lack of significant antimicrobial effects for these spices 
and spice blends. It is possible that the antimicrobial compounds in these 
spices were either volatile or heat sensitive and were lost or inactivated during 
cooking. 
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APPENDICES 
APPENDIX A 
Calculation of spice levels in the lowest effective (recommended) spice 
blend used in sensory evaluation. 
57 
APPENDIX A 
Calculation of spice levels in the lowest effective (recommended) spice 
blend used in sensory evaluation (experiment 2). 
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Calculations were done using 2 equations and 2 unknowns. From experiment 1, 
it was determined that 0.1% cloves were as effective as 0.5% of other spices for 
maintenance of TBA values < 1.0 during refrigerated storage of ground beef for 15 days. 
So, cloves (C) were 0.5/ 0.1 = 5 times as effective as other spices (S ). 
equation 1) 5 C = S. 
weight of cloves + weight of 4 other spices = 100 % 
equation 2) C + 4 S= 100 
or, C = 100-4S 
Substituting the value for S from equation 1 into equation 2. 
C = 100- 4(5C) 
c = 100-20 c 
21C=100 
C = 4. 76 % cloves in recommended spice blend. 
Substituting this value for C in equation 1, 
S = 23.8% each of cinnamon, fennel, pepper and star anise in recommended spice 
blend. 
APPENDIX B 
Raw data for Thiobarbituric acid (TBA) Analysis and Sensory 
Evaluation. 
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List of Abbreviations for Table 8.1 
Rep= Replicate 
Cinn 0.1 = Cinnamon at 0.1% concentration per 100 g of beef. 
Cinn 0.5= Cinnamon at 0.5% concentration per 100 g of beef. 
Cinn 1.0= Cinnamon at 1.0% concentration per 100 g of beef. 
Star 0.1 = Star anise at 0.1% concentration per 100 g of beef. 
Star 0.5= Star anise at 0.5% concentration per 100 g of beef. 
Star 1.0= Star anise at 1.0% concentration per 100 g of beef. 
Fennel 0.1 = Fennel at 0.1% concentration per 100 g of beef. 
Fennel 0.5= Fennel at 0.5% concentration per 100 g of beef. 
Fennel 1.0= Fennel at 1.0% concentration per 100 g of beef. 
5sp 0.1 %= Chinese five spice 0.1% concentration per 100 g of beef. 
5sp 0.5%= Chinese five spice 0.5% concentration per 100 g of beef. 
5sp 1.0%= Chinese five spice 1.0% concentration per 100 g of beef. 
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OPT FISPI= Chinese five spice blend made with optimum levels of individual 
spices. 
COMMFISPI= Retail Chinese five spice blend. 
Table 8.1. Thiobarbituricacid Assay (TBA) values for Star anise, Fennel, 
Chinese 5-spice, Cinnamon, Pepper and Cloves for 3 replications. 
Treatment Days Rep TBA 
StarO 1 1 1.94 
StarO 1 1 2.21 
StarO 8 1 2.71 
StarO 8 1 2.85 
StarO 15 1 6.67 
StarO 15 1 6.32 
Star0.1 1 1 1.6 
Star0.1 1 1 1.78 
Star0.1 8 1 2.02 
Star0.1 8 1 2.12 
Star0.1 15 1 4.65 
Star0.1 15 1 4.99 
Star0.5 1 1 1.09 
Star0.5 1 1 1.04 
Star0.5 8 1 0.65 
Star0.5 8 1 0.49 
Star0.5 15 1 1.72 
Star0.5 15 1 1.66 
Star1 1 1 0.87 
Star1 1 0.9 
Star1 8 1 0.36 
Star1 8 1 0.41 
Star1 15 1 1.06 
Star1 15 1 0.95 
StarO 1 2 1.15 
StarO 1 2 0.94 
StarO 8 2 3.86 
StarO 8 2 4.15 
StarO 15 2 5.16 
StarO 15 2 5.22 
Star0.1 1 2 1.41 
Star0.1 1 2 1.23 
Star0.1 8 2 3.85 
Star0.1 8 2 3.75 
Star0.1 15 2 4.59 
Star0.1 15 2 4.23 
Star0.5 1 2 0.85 
Star0.5 1 2 0.78 
Star0.5 8 2 1.63 
Star0.5 8 2 1.42 
Star0.5 15 2 1.72 
Star0.5 15 2 1.75 
Star1 1 2 0.63 
61 
62 
Star1 1 2 0.59 
Star1 8 2 1.38 
Star1 8 2 1.03 
Star1 15 2 1.17 
Star1 15 2 1.36 
StarO 1 3 1.23 
StarO 1 3 1.2 
StarO 8 3 3.28 
StarO 8 3 3.34 
StarO 15 3 2.13 
StarO 15 3 2.96 
Star0.1 1 3 0.59 
Star0.1 1 3 0.52 
Star0.1 8 3 1.97 
Star0.1 8 3 2.24 
Star0.1 15 3 2.09 
Star0.1 15 3 2.28 
Star0.5 1 3 0.36 
Star0.5 1 3 0.21 
Star0.5 8 3 0.6 
Star0.5 8 3 0.48 
Star0.5 15 3 0.52 
Star0.5 15 3 0.43 
Star1 1 3 0.23 
Star1 1 3 0.26 
Star1 8 3 0.48 
Star1 8 3 0.47 
Star1 15 3 0.36 
Star1 15 3 0.31 
FenneiO 1 1 1.67 
FenneiO 1 1 1.72 
FenneiO 8 1 2.5 
FenneiO 8 1 2.5 
FenneiO 15 1 6.16 
FenneiO 15 1 6 
Fennel0.1 1 1 0.99 
Fennel0. 1 1 1 1.17 
Fennel0.1 8 1 1.94 
Fennel0.1 8 1 1.7 
Fennel0.1 15 1 4.86 
Fennel0.1 15 1 5.26 
Fennel0.5 1 1 1.18 
Fennel0.5 1 1 0.96 
Fennel0.5 8 1 1.02 
Fennel0.5 8 . 1 1.18 
Fennel0.5 15 1 3 
Fennel0.5 15 1 3.11 
Fennel1 1 1 1.1 
Fennel1 1 1 1.15 
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Fennel1 8 1 1.04 
Fennel1 8 1 0.93 
Fennel1 15 1 2.73 
Fennel1 15 1 2.59 
FenneiO 1 2 0.86 
FenneiO 1 2 0.97 
FenneiO 8 2 3.51 
FenneiO 8 2 3.53 
FenneiO 15 2 4.25 
FenneiO 15 2 3.98 
Fennel0.1 1 2 0.93 
Fennel0.1 1 2 0.73 
Fennel0.1 8 2 3.18 
Fennel0.1 8 2 3.37 
Fennel0.1 15 2 3.59 
Fennel0.1 15 2 3.4 
Fennel0.5 1 2 0.55 
Fennel0.5 1 2 0.47 
Fennel0.5 8 2 2.07 
Fennel0.5 8 2 2.11 
Fennel0.5 15 2 3.53 
Fennel0.5 15 2 2.73 
Fennel1 1 2 0.39 
Fennel1 1 2 0.38 
Fennel1 8 2 1.03 
Fennel1 8 2 0.93 
Fennel1 15 2 1.68 
Fennel1 15 2 1.56 
FenneiO 1 3 1.26 
FenneiO 1 3 1.06 
FenneiO 8 3 3.31 
FenneiO 8 3 3.36 
FenneiO 15 3 2.72 
FenneiO 15 3 1.72 
Fennel0.1 1 3 0.84 
Fennel0.1 1 3 0.89 
Fennel0.1 8 3 2.85 
Fennel0.1 8 3 2.66 
Fennel0.1 15 3 1.76 
Fennel0.1 15 3 1.62 
Fennel0.5 1 3 0.3 
Fennel0.5 1 3 0.37 
Fennel0.5 8 3 0.82 
Fennel0.5 8 3 0.83 
Fennel0.5 15 3 0.52 
Fennel0.5 15 3 0.43 
Fennel1 1 3 0.23 
Fennel1 1 3 0.36 
Fennel1 8 3 0.48 
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Fennel1 8 3 0.61 
Fennel1 15 3 0.28 
Fennel1 15 3 0.44 
5sp0 1 1 1.11 
5sp0 1 1 1.08 
5sp0 8 1 4.82 
5sp0 8 1 4.67 
5sp0 15 1 4.33 
5sp0 15 1 4.91 
5sp0.1 1 1 0.4 
5sp0.1 1 1 0.42 
5sp0.1 8 1 1.42 
5sp0.1 8 1 1.2 
5sp0.1 15 1 1.6 
5sp0.1 15 1 1.56 
5sp0.5 1 1 0.4 
5sp0.5 1 1 0.35 
5sp0.5 8 1 0.87 
5sp0.5 8 1 0.87 
5sp0.5 15 1 0.51 
5sp0.5 15 1 0.65 
5sp1 1 1 0.47 
5sp1 1 1 0.5 
5sp1 8 1 1.36 
5sp1 8 1 1.19 
5sp1 15 1 0.64 
5sp1 15 1 0.7 
5sp0 1 2 2.03 
5sp0 1 2 1.79 
5sp0 8 2 3.82 
5sp0 8 2 3.91 
5sp0 15 2 4.72 
5sp0 15 2 4.87 
5sp0.1 1 2 1.25 
5sp0.1 1 2 0.9 
5sp0.1 8 2 0.97 
5sp0.1 8 2 0.92 
5sp0.1 15 2 0.9 
5sp0.1 15 2 1.06 
5sp0.5 1 2 1.55 
5sp0.5 1 2 1.52 
5sp0.5 8 2 0.66 
5sp0.5 8 2 0.76 
5sp0.5 15 2 0.35 
5sp0.5 15 2 0.24 
5sp1 1 2 2.45 
5sp1 1 2 1.93 
5sp1 8 2 0.82 
5sp1 8 2 1.02 
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5sp1 15 2 0.33 
5sp1 15 2 0.37 
5sp0 1 3 2.08 
5sp0 1 3 1.83 
5sp0 8 3 3.93 
5sp0 8 3 3.97 
5sp0 15 3 4.59 
5sp0 15 3 4.11 
5sp0.1 1 3 1.17 
5sp0.1 1 3 0.97 
5sp0.1 8 3 0.86 
5sp0.1 8 3 0.89 
5sp0.1 15 3 0.8 
5sp0.1 15 3 0.69 
5sp0.5 1 3 1.31 
5sp0.5 1 3 1.24 
5sp0.5 8 3 0.66 
5sp0.5 8 3 0.66 
5sp0.5 15 3 0.25 
5sp0.5 15 3 0.22 
5sp1 1 3 2.28 
5sp1 1 3 1.76 
5sp1 8 3 0.72 
5sp1 8 3 0.91 
5sp1 15 3 0.3 
5sp1 15 3 0.31 
cinnO 1 1 1.96 
cinnO 1 1 1.94 
cinnO 8 1 2.32 
cinnO 8 1 2.16 
cinnO 15 1 6.76 
cinnO 15 1 6.76 
cinn0.1 1 1 1.59 
cinn0.1 1 1 1.58 
cinn0.1 8 1 1.37 
cinn0.1 8 1 1.62 
cinn0.1 15 1 4.85 
cinn0.1 15 1 4.85 
cinn0.5 1 1 1.59 
cinn0.5 1 1 1.25 
cinn0.5 8 1 0.84 
cinn0.5 8 0.83 
cinn0.5 15 1 1.59 
cinn0.5 15 1 1.59 
cinn1.0 1 1 1.45 
cinn1.0 1 1 1.44 
cinn1.0 8 1 0.72 
cinn1 .0 8 1 0.8 
cinn1.0 15 1 1.53 
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cinn1.0 15 1.53 
cinnO 1 2 2.3 
cinnO 1 2 2.11 
cinnO 8 2 7.35 
cinnO 8 2 7.23 
cinnO 15 2 7.09 
cinnO 15 2 6.78 
cinn0.1 1 2 0.61 
cinn0.1 1 2 0.52 
cinn0.1 8 2 2.23 
cinn0.1 8 2 2.17 
cinn0.1 15 2 1.76 
cinn0.1 15 2 2.01 
cinn0.5 1 2 0.51 
cinn0.5 1 2 0.44 
cinn0.5 8 2 0.5 
cinn0.5 8 2 0.59 
cinn0.5 15 2 0.32 
cinn0.5 15 2 0.49 
cinn1.0 1 2 0.55 
cinn1 .0 1 2 0.68 
cinn1.0 8 2 0.6 
cinn1.0 8 2 0.64 
cinn1.0 15 2 0.49 
cinn1 .0 15 2 0.52 
cinnO 1 3 1.26 
cinnO 1 3 1.41 
cinnO 8 3 4.69 
cinnO 8 3 4.7 
cinnO 15 3 3.96 
cinnO 15 3 4.15 
cinn0.1 1 3 0.47 
cinn0.1 1 3 0.39 
cinn0.1 8 3 1.07 
cinn0.1 8 3 0.85 
cinn0.1 15 3 0.97 
cinn0.1 15 3 0.92 
cinn0.5 1 3 0.78 
cinn0.5 1 3 0.58 
cinn0.5 8 3 0.45 
cinn0.5 8 3 0.52 
cinn0.5 15 3 0.35 
cinn0.5 15 3 0.41 
cinn1.0 1 3 0.45 
cinn1 .0 1 3 0.58 
cinn1.0 8 3 0.59 
cinn1.0 8 3 0.52 
cinn1.0 15 3 0.36 
cinn1 .0 15 3 0.58 
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pepO 1 1 2.11 
pepO 1 1 2.08 
pepO 8 1 4.36 
pepO 8 1 4.49 
pepO 15 1 5.47 
pepO 15 1 5.5 
pep0.1 1 1 1.16 
pep0.1 1 1 1.13 
pep0.1 8 1 2.62 
pep0.1 8 1 3.2 
pep0.1 15 1 3.72 
pep0.1 15 1 3.51 
pep0.5 1 1 0.9 
pep0.5 1 1 0.68 
pep0.5 8 1 1.16 
pep0.5 8 1 1.19 
pep0.5 15 1 1.33 
pep0.5 15 1 2.13 
pep1.0 1 1 1.47 
pep1 .0 1 1 0.7 
pep1.0 8 1 1.76 
pep1.0 8 1 1.17 
pep1 .0 15 1 1.15 
pep1.0 15 1 1.04 
pepO 1 2 1.34 
pepO 1 2 1.46 
pepO 8 2 2.9 
pepO 8 2 3.27 
pepO 15 2 4.29 
pepO 15 2 4.14 
pep0.1 1 2 1.44 
pep0.1 1 2 1.35 
pep0.1 8 2 4.29 
pep0.1 8 2 4.2 
pep0.1 15 2 4.27 
pep0.1 15 2 5.67 
pep0.5 1 2 0.79 
pep0.5 1 2 0.71 
pep0.5 8 2 1.23 
pep0.5 8 2 1.41 
pep0.5 15 2 1.53 
pep0.5 15 2 1.5 
pep1.0 1 2 0.77 
pep1.0 1 2 0.93 
pep1.0 8 2 1.06 
pep1.0 8 2 1.1 
pep1.0 15 2 2.02 
pep1.0 15 2 2.02 
pepO 1 3 2.27 
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pepO 1 3 1.82 
pepO 8 3 3.95 
pepO 8 3 4.11 
pepO 15 3 4.19 
pepO 15 3 4.06 
pep0.1 1 3 1.46 
pep0.1 1 3 1.38 
pep0.1 8 3 2.32 
pep0.1 8 3 3.49 
pep0.1 15 3 2.43 
pep0.1 15 3 4.08 
pep0.5 1 3 0.96 
pep0.5 1 3 1.12 
pep0.5 8 3 1.55 
pep0.5 8 3 1.18 
pep0.5 15 3 2.16 
pep0.5 15 3 1.55 
pep1.0 1 3 1.87 
pep1 .0 1 3 1.4 
pep1.0 8 3 1.08 
pep1.0 8 3 1.07 
pep1 .0 15 3 0.93 
pep1.0 15 3 1.17 
CloO 1 1 2.99 
CloO 1 1 2.93 
CloO 8 1 4.74 
CloO 8 1 4.46 
CloO 15 1 6.31 
CloO 15 1 5.4 
Clo0.1 1 1 1.17 
Clo0.1 1 1 1.06 
Clo0.1 8 1 0.89 
Clo0.1 8 1 0.92 
Clo0.1 15 1 0.98 
Clo0.1 15 1 1.12 
Clo0.5 1 1 1.55 
Clo0.5 1 1 1.53 
Clo0.5 8 1 1.05 
Clo0.5 8 1 1.11 
Clo0.5 15 1 1.17 
Clo0.5 15 1 1.41 
Clo1.0 1 1 1.37 
Clo1 .0 1 1 1.35 
Clo1.0 8 1 0.86 
Clo1.0 8 1 0.87 
Clo1 .0 15 1 1.26 
Clo1.0 15 1 1.23 
CloO 1 2 0.9 
CloO 1 2 1.41 
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CloO 8 2 2.68 
CloO 8 2 2.87 
CloO 15 2 3.18 
CloO 15 2 3.11 
Clo0.1 1 2 0.55 
Clo0.1 1 2 0.62 
Clo0.1 8 2 0.54 
Clo0.1 8 2 0.67 
Clo0.1 15 2 0.5 
Clo0.1 15 2 0.49 
Clo0.5 1 2 0.48 
Clo0.5 1 2 D.53 
CloD.5 8 2 1 
CloD.5 8 2 D.73 
Clo0.5 15 2 D.85 
Clo0.5 15 2 D.98 
Clo1.0 1 2 D.58 
Clo1 .D 1 2 D.58 
Clo1 .D 8 2 D.73 
Clo1.D 8 2 D.76 
Clo1 .D 15 2 D.6 
Clo1.0 15 2 D.91 
CloD 1 3 1.5 
CloD 1 3 1.34 
CloD 8 3 4.38 
CloD 8 3 4.67 
CloD 15 3 5.56 
CloD 15 3 6.D3 
CloD.1 1 3 D.53 
CloD.1 1 3 D.61 
CloD.1 8 3 0.86 
Clo0.1 8 3 0.67 
CloD.1 15 3 D.78 
Clo0.1 15 3 D.63 
Clo0.5 1 3 0.61 
Clo0.5 1 3 D.67 
Clo0.5 8 3 D.78 
Clo0.5 8 3 D.83 
Clo0.5 15 3 0.96 
CloD.5 15 3 1.14 
Clo1 .D 1 3 0.6 
Clo1.D 1 3 D.6 
Clo1 .D 8 3 D.73 
Clo1.D 8 3 D.68 
Clo1.D 15 3 1.19 
Clo1.D 15 3 0.96 
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Table 8.2. Sensory Data for individual spices and spice blends evaluated 
on a 1-5 intensity scale, where 1 = no odor/flavor and 5= extremely intense 
odor/flavor. 
rancid rancid beef spice panelist 
Treatment odor flavor flavor flavor name 
cinnamon 1 1 1 5 Dick 
cinnamon 1 1 2 4 Brad 
cinnamon 1 1 2 2 Tremaine 
cinnamon 1 1 2 3 Pam 
cinnamon 1 1 2 2 Janessa 
cinnamon 1 1 1 3 Preetha 
cinnamon 1 1 2 2 Liza 
cinnamon 1 1 2 2 Ja 
cinnamon 1 1 2 4 Daren 
cinnamon 1 2 1 2 Paul 
cinnamon 1 1 2 3 Jeff 
cinnamon 2 1 1 2 Mikhil 
cinnamon 1 2 2 2 Mike 
cinnamon 1 1 2 4 Daeyol 
star anise 1 1 1 5 Dick 
star anise 1 1 3 4 Brad 
star anise 1 1 1 5 Tremaine 
star anise 1 1 1 5 Pam 
star anise 1 1 1 5 Janessa 
star anise 3 1 1 5 Preetha 
star anise 1 1 3 4 Liza 
star anise 1 1 3 2 Ja 
star anise 1 1 2 5 Daren 
star anise 2 1 1 3 Paul 
star anise 1 1 2 2 Jeff 
star anise 1 1 1 3 Mikhil 
star anise 1 1 2 3 Mike 
star anise 1 1 3 4 Daeyol 
fennel 1 1 1 5 Dick 
fennel 2 2 2 3 Brad 
fennel 1 1 1 3 Tremaine 
fennel 1 1 1 5 Pam 
fennel 1 1 1 4 Janessa 
fennel 3 4 1 3 Preetha 
fennel 1 1 4 3 Liza 
fennel 1 2 4 2 Ja 
fennel 1 1 3 3 Daren 
fennel 2 3 2 3 Paul 
fennel 2 1 2 2 Jeff 
fennel 1 1 1 4 Mikhil 
fennel 1 2 2 2 Mike 
fennel 3 2 2 1 Daeyol 
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black pepper 1 1 3 3 Dick 
black pepper 2 2 3 5 Brad 
black pepper 2 1 1 2 Tremaine 
black pepper 1 1 1 4 Pam 
black pepper 1 1 1 5 Janessa 
black pepper 1 1 3 4 Preetha 
black pepper 1 1 3 3 Liza 
black pepper 1 1 2 4 Ja 
black pepper 1 1 2 5 Daren 
black pepper 2 2 3 3 Paul 
black pepper 1 1 2 1 Jeff 
black pepper 2 1 1 2 Mikhil 
black pepper 1 1 3 3 Mike 
black pepper 2 2 2 1 Daeyol 
cloves 1 1 1 5 Dick 
cloves 1 2 2 3 Brad 
cloves 1 1 1 3 Tremaine 
cloves 1 1 1 5 Pam 
cloves 1 1 3 1 Janessa 
cloves 1 1 3 3 Preetha 
cloves 1 1 3 3 Liza 
cloves 1 1 3 3 Ja 
cloves 1 1 4 2 Daren 
cloves 1 1 2 3 Paul 
cloves 1 1 3 2 Jeff 
cloves 1 1 1 3 Mikhil 
cloves 1 1 2 5 Mike 
cloves 1 1 2 2 Daeyol 
OPT FISP 1 1 2 4 Dick 
OPT FISP 2 1 3 2 Brad 
OPT FISP 1 1 1 2 Tremaine 
OPT FISP 1 1 1 2 Pam 
OPT FISP 1 2 2 2 Janessa 
OPT FISP 1 1 2 4 Preetha 
OPT FISP 1 1 3 3 Liza 
OPT FISP 2 2 3 2 Ja 
OPT FISP 1 1 3 3 Daren 
OPT FISP 2 2 2 2 Paul 
OPT FISP 2 1 2 2 Jeff 
OPT FISP 1 1 1 1 Mikhil 
OPT FISP 1 1 2 3 Mike 
OPT FISP 1 1 2 2 Daeyol 
COMM FISP 1 1 1 5 Dick 
COMM FISP 1 2 2 4 Brad 
COMM FISP 1 1 1 3 Tremaine 
COMM FISP 1 1 1 4 Pam 
COMM FISP 1 1 2 3 Janessa 
COMM FISP 1 2 1 5 Preetha 
72 
COMM FISP 1 1 2 3 Liz a 
COMM FISP 1 1 4 3 Ja 
COMM FISP 1 1 3 4 Daren 
COMM FISP 1 1 2 2 Paul 
COMM FISP 1 1 3 2 Jeff 
COMM FISP 1 1 1 3 Mikhil 
COMM FISP 1 2 2 3 Mike 
COMM FISP 1 1 2 2 Daeyol 
